Abstract: Paravertebral titanium rod migration represents an unusual and potentially fatal complication of vertebral stabilization surgical procedures. This condition, which requires a prompt and rapid diagnosis, is often mistaken for other more common diseases, or scotomized. We present a case of a 69 years old female affected by a non-Hodgkin lymphoma with evidence of migration of both rods five years after the posterior stabilization procedure for a pathological L3 fracture. Unusual clinical onset was represented by a left S1 radiculopathy without other symptoms. For several months, the symptoms were attributed to a possible radicular infiltration by the lymphoma. We conclude that paravertebral rod migration could happen not only within the spinal canal, but could also rarely damage blood vessels or parenchymal organs. This is generally a long-term complication, probably due to an insufficient fixation. Strict longterm follow-up monitoring is mandatory since this unusual complication can mimic other more common pathological conditions.
Introduction
Primary bone lymphoma (PBL) comprises less than 5% of all malignant bone tumors and almost 7% of all extra-nodal lymphomas. Only 1.7% of all PBLs have been reported to involve the vertebrae. 1, 2 The most frequent spinal localization are lumbar or lower dorsal segments. 3, 4 Skeletal involvement by lymphoma is more common in males than females. 3, 4 The usual age of presentation is during the 5th to 6th decade of life. 4, 5 Occasionally, it may involve the vertebrae and encroach upon the nerve root, causing claudication and radicular syndrome mimicking the symptoms related to common degenerative diseases (ie, spinal stenosis, and degenerative scoliosis).
6,7
On imaging, PBL can mimic other more common neoplastic lesions of the mobile spine (ie, chordomas and metastases). 1, 2, 8 Histologically, primary bone tumors have characteristic diagnostic features, except for small cell osteosarcoma and Ewing's sarcoma. However, immunohistochemistry for CD-99 and positivity for leukocyte common antigen (LCA) can be diagnostic. 9 Epidural involvement of spinal cord by the soft tissue rather than vertebral body collapse is more common in spinal lymphomas, most frequently at a single level of involvement. Diffuse large-B-cell lymphoma is the most common type of non-Hodgkin's lymphoma involving the spine. 10, 11 The optimal management of PBL is not well defined. Traditionally, radiation therapy alone was the treatment of choice, but it does not produce durable remission for most patients and it is associated with an increased related neurotoxicity, especially in older patients. 1, 2, 12, 13 The most recent reports suggest that a combination of radio and chemotherapy should remain the main treatment, and that surgery should be used in combination with them especially in cases of massive neoplastic vertebral derangement, and\or spinal cord compression. 1, 2, 14, 15 In this situation, in order to stabilize the pathological skeletal segment the use of titanium fixation devices is needed. Sometimes complications related to these implants can appear, and are often represented by breakage or displacement of screws and rods. 16, 17 Rarely, a titanium rod migration and the subsequent necessity to remove it could occur, leading to a second surgical procedure aiming at avoiding dangerous injuries to parenchymal organs. 16, [18] [19] [20] [21] [22] [23] [24] [25] In the current paper we report an unusual case of migration of both rods many years after the surgical procedure of lumbar fracture stabilization. Clinical onset was represented only by an S1 radiculopathy, and was underestimated for months.
case Report
A caucasic woman of 69 years with history of hypertension was admitted to the emergency room in 2005 for severe low back pain. There was neuroradiological (lumbar X-rays and CT scan) evidence of a pathological fracture of the third lumbar vertebral body with subsequent lumbar canal stenosis. Two days later, a surgical procedure of posterior lumbar stabilization with titanium pedicle screws (located at L2 and L4) and rods associated with a decompressive laminectomy was performed, in addition to a biopsy ( Fig. 1) . After the histological diagnosis of a diffuse non-Hodgkin B-cell lymphoma (Stage IV A), tailored adjuvant chemotherapy (five cycles of cyclophosphamide, hydroxydaunorubicin, oncovin, and prednisone (CHOP) protocol) and involved field radiotherapy (total dose 30 Gy) were planned. The postoperative course was favorable until April 2011 when an acute S1 left radiculopathy (without referred low back pain) and paresthesias appeared, which was unresponsive to intensive rehabilitation and the use of painkillers. The magnetic resonance imaging (MRI) results were initially misinterpreted and the clinical condition was attributed to a possible neoplastic nerve sheath involvement.
In August 2011, because of the worsening of the S1 left radiculopathy and the appearance of a motor deficit in foot flexion, a lumbar X-ray and a new MRI finally showed an unusual migration of both rods. The left one was distally migrated to the pre-sacral region adjacent to the sacral foramen of the exit of the S1 root (Fig. 2 ) and the right one was positioned on the upper level of the second lumbar vertebral body (Figs. 2 and 3) . A critical retrospective analysis of a previous MRI demonstrated that, in some slices, the migration had already been evident (Fig. 3) .
Afterwards, the patient was submitted to a second surgical procedure. This procedure involved removal of screws and rods with concomitant L3 vertebroplasty, without hardware replacement. There was no hardware replacement because of the postero-lateral arthrodesis process was adequate and complete (Figs. 4 and 5) .
The S1 radiculopathy and paresthesias disappeared in one month. The postoperative neuroimaging control (lumbar dynamic X-ray and MRI) showed no complications, while confirming the L3 vertebroplasty without any sign of spinal instability (Fig. 5) . The patient was discharged four days after the operation and she is still in good condition at one-year follow up, without any sign of clinical or radiological spine instability.
Discussion
PBL is defined as a lymphomatous osseous involvement without any systemic neoplastic diffusion within 6 months from the first diagnosis. The incidence is less than 1% in primary non-Hodgkin lymphoma. The lesion is commonly located in a short bone, such as the ilium, scapula, or vertebra. PBLs involving a single vertebra comprise 1.7% of all PBLs. 6, 7, 17, 26 The clinical presentation is usually represented by back pain, eventually associated with neurological deficits related to the vertebral level involved. There are also general symptoms such as weight loss, night sweats, and fever. Neuroradiological evaluation allows the visualization of bone segments involved and eventual spinal cord or roots compression by neoplastic tissue. These clinical and radiological presentations are not specific and can mimic other more common medical conditions like infective, degenerative or traumatic diseases. [18] [19] [20] [21] [22] [23] [24] [25] This makes the definitive diagnosis difficult and often leads to a significant delay in initiation of effective treatment.
1,2,27,28
The correct treatment for patients affected by PBL is not standardized. For example, many researchers have sustained that in case of spinal cord or nerve roots compression, a surgical procedure of posterior decompressive laminectomy and stabilization followed by adjuvant local radiotherapy and chemotherapy (CHOP-based chemotherapy) is mandatory. 1, 2, 27, 29, 30 Other researchers have reported that the sole combination of chemo and radiotherapy, without any surgical procedure, could rapidly reduce compression of the involved neurologic structures. This is even recommended in cases of spinal cord compression by pathologic tissue. Radiation therapy could be performed alone or with chemotherapy, but chemotherapy is performed alone only rarely.
1,2,27,30 Despite the absence of a standardization, a surgical procedure is generally recommended in cases of progressive neurological deficits due to compression by a tumor and\ or vertebral fragments. In these cases, it is important to obtain a satisfactory spinal cord decompression as well as to maintain spine stability. This is why the surgical procedure often consists of a combination of decompressive laminectomy and titanium pedicle screws and rods hardware stabilization.
In this context, the most frequent instrument failures are screws and rods breakage or displacement, while an unusual complication is represented by a paravertebral rods migration. This mobilization could be distal to, proximal to, or within the spinal canal, and is often not an acute postoperative problem but a longterm one. 16, 19 Generally, distal or proximal rod migration is minimal without any clinical disturbances. 20 In some cases, this complication provokes only symptoms related to spinal instability because of the absence of a valid arthrodesis process for incorrect stabilization by the system. Rarely, rod migration can result in potentially fatal outcomes, because of blood vessels or bowel injuries. [21] [22] [23] For example, Fitchett and colleagues 19 reported a rod migration in abdomen in a woman submitted to a scoliosis correction with acute onset of pain in iliac fossa and evidence of bowel lesion. Al-Binali and colleagues 23 reported an acute abdominal bleeding secondary to a rod migration with laceration of the internal iliac artery. Dhatt and colleagues 25 reported an unusual case of anterior spinal rod migration from the dorsolumbar spine to the knee. All of these authors stressed the unusual presentation of this complication.
According to literature, a rod migration is probably provoked by a fatigue-fracture of the rod, caused by excessive unbalanced motion at the operated levels. It can also be caused by a slipping of the instrument due to a screws loosening, probably due to an insufficient torque-tightening. 21 In our case, the rods migration could have been provoked by an inappropriate fixation, but it is quite strange that it happened in every dices. Hence, a progressive dynamic overstress on the stabilization system caused by micro movements is hypothesized to have contributed to migration. However, it is to be stressed that a careful fixation should be performed to avoid any rod migration.
A further unusual event of our case report is the evidence of opposite migration of both rods, probably due not only to the usual flexion and extension movements, but mainly to the lateral bending ones. Beside rods mobilization, a post-operative CT-scan showed a complete arthrodesis process around the rods, theoretically due to device micro movements that induced solid bone formation (Fig. 4) . This bone formation provided adequate arthrodesis and spine stability, but did not prevent the rods migration inside the bony tunnel. This condition justifies the clinical picture because the patient did not complain about postural low back pain, but rather had radiculopathy because of compression by the migrated rod. The presence of a presumable adequate arthrodesis induced us to remove the fixation system. For safety we performed only a minimally invasive vertebroplasty without hardware replacement, since spine stability had already been achieved (Figs. 4 and 5) .
Considering previous issues, any clinical disturbances should not be underestimated because they could be related to an instrumentation failure, even many years after the operation. This is especially true for patients submitted to spinal stabilization with metal devices, and, in general, all patients with prostheses. A further concern is that quite often this complication is misdiagnosed. It can be attributed to the basic disease, or to other more common disorders (eg, degenerative spine diseases). The rod migration responsible for the S1 radiculopathy was misdiagnosed for a long time because the physicians' attention was directed to the theoretically more frequent lymphoma diffusion through the nerve sheath, rather than the rare instrumentation failure. Consequently, an MRI was chosen, as a neuroradiological study was presumably indicated. Even if, at a retrospective reevaluation of the MRI, the rod migration was evident in some slices, a simple lumbar spine X-ray would allow us to make the definitive diagnosis (Fig. 3) .
There are several lessons learned from this case study. One is to always follow patients in the long term, especially those who implant prostheses of every type. Do not superficially relate a symptom to the age or to other more common or basic diseases, but rather think about potential unusual complications. It is also worth noting that sometimes less sophisticated diagnostic exams can be much more useful than more modern and sophisticated exams. 
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